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Abstract
We show that all the parameters which destabilize the weak scale can be taken
around the weak scale in the MSSM without conflicting with the SM Higgs mass
bound set by LEP experiment. The essential point is that if the lightest CP-even
Higgs h in the MSSM has only a small coupling to Z boson, gZZh, LEP cannot
generate the Higgs sufficiently. In the scenario, the SM Higgs mass bound constrains
the mass of the heaviest CP-even Higgs H which has the SM like gZZH coupling.
However, it is easier to make the heaviest Higgs heavy by the effect of off-diagonal
elements of the mass matrix of the CP-even Higgs because the larger eigenvalue
of 2 × 2 matrix becomes larger by introducing off-diagonal elements. Thus, the
smaller stop masses can be consistent with the LEP constraints. Moreover, the two
excesses observed at LEP Higgs search can naturally be explained as the signals of
the MSSM Higgs h and H in this scenario.
One of the most interesting results in the scenario is that all the Higgs in the
MSSM have the weak scale masses. For example, the charged Higgs mass should
be around 130 GeV. This looks inconsistent with the lower bound obtained by the
b→ sγ process as mH± > 350 GeV. However, we show that the amplitude induced
by the charged Higgs can naturally be compensated by that of the chargino if we
take the mass parameters by which the little hierarchy problem can be solved. The
point is that the both amplitudes have the same order of magnitudes when all the
fields in the both loops have the same order of masses.
ae-mail: sunggi@eken.phys.nagoya-u.ac.jp
be-mail: maekawa@eken.phys.nagoya-u.ac.jp
ce-mail: akihiro@eken.phys.nagoya-u.ac.jp
de-mail: sakurai@eken.phys.nagoya-u.ac.jp
eNow at Department of Engineering, Kanagawa University. e-mail: sanda@kanagawa-u.ac.jp
fe-mail: tadashi@eken.phys.nagoya-u.ac.jp
1 Introduction
Supersymmetry (SUSY) is one of the most promising solutions for the weak scale in-
stability of the standard model (SM). In the minimal supersymmetric standard model
(MSSM), there are several additional attractive points. Three gauge couplings meet at
a scale, which strongly implies the SUSY grand unified theory (GUT). And the lightest
SUSY particle (LSP) becomes stable, which can be a dark matter candidate.
However, this simple model seems to be unsatisfactory. The problem is related to one
of the characteristic features of the MSSM; the mass of the lightest CP-even Higgs boson
(h) is always smaller than the Z boson mass at tree level1. However, LEP2 experiment
gives us severe bound for the SM Higgs as mϕSM > 114.4 GeV (95 C.L.)[1] . This lower
bound for the Higgs mass is not inconsistent with the MSSM prediction if loop corrections
to the Higgs potential are taken into account[2]. The largest contribution is induced by
stop loop correction as
m2h ≤ m
2
Z +∆22, (1.1)
∆22 ∼
3Y 4t 〈Hu〉
2
4pi2
log
m2
t˜
m2t
, (1.2)
where Yt, mt˜, and mt are the top Yukawa coupling, the stop mass, and the top mass,
respectively. Because it is a logarithmic function of the stop mass, if the lower mass
bound of the SM Higgs, mϕSM > 114.4 GeV is naively applied to the mass of h, then the
stop mass has to be larger than 500 GeV. On the other hand, the stop also contributes
to the mass parameter of up-type Higgs field Hu as
m2Hu = m
2
Hu0
+∆m2Hu , (1.3)
∆m2Hu ∼ −
3Y 2t
4pi2
m2
t˜
log
Λ
mt˜
. (1.4)
Such a large stop mass leads to a tuning between the tree Higgs mass parameter m2Hu0
and the correction ∆m2Hu , because in order to obtain the correct weak boson masses, the
renormalized Higgs mass parameter mHu must be around the weak scale, O(mW ). For
example, if the cutoff scale Λ is taken as the Planck scale, previous requirement for stop
mass results in |∆m2Hu | ≥ (850GeV)
2 and less than a percent fine-tuning is required in
this naive analysis. This difficulty is called as “the little hierarchy problem” and in the
literatures, various solutions have been examined[3]-[15].
However, the LEP bound cannot be applied directly if the Higgs sector is extended,
e.g., to two Higgs doublet models (2HDM) as in the case of the MSSM. The main pro-
duction mode of the Higgs at LEP experiment is e+e− → Z∗ → Zh. Therefore, if the
coupling of the lightest CP-even Higgs h to Z boson, gZZh, is sufficiently smaller than
that of the SM Higgs to Z boson, gZZϕSM, LEP cannot produce h sufficiently and there
is no need to treat the LEP constraint as a lower mass bound of h. In fact, the report
from the LEP Working Group for Higgs searches [1] roughly gives the bound for the gZZh
1Here, we take usual notations for CP-even Higgs bosons h and H , i.e., the mass of h is always smaller
than that of H . CP violation in the Higgs sector which causes the mixing of h, H , and CP-odd Higgs
boson A is ignored in the following discussions.
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coupling as gZZh < gZZϕSM/2 for the Higgs with mh > 90 GeV. Moreover, it was reported
that there were 2.3 and 1.7 σ excesses from the back ground estimations of Higgs search
experiment at the corresponding Higgs boson mass with nearly 98 and 115 GeV, respec-
tively. Notably, the former excess is too small to identify it as productions of the SM
Higgs with the mass of 98 GeV, but it can be explained by the MSSM Higgs h with small
gZZh coupling.
In this article, we regard this small gZZh scenario as a way to bypass the little hier-
archy problem. It has already been pointed out that the two excesses observed at LEP
experiment can be explained by the MSSM Higgs in the literatures [16, 17]. However,
it is not obvious whether the little hierarchy problem can be solved simultaneously, or,
natural scenario is possible in such a situation, because in their numerical calculation they
allow large SUSY breaking parameters (stop masses, A parameters, gaugino masses) and
large SUSY Higgs mass parameter µ, which should preferably be around the weak scale
in order to avoid the tuning problem. Therefore, in this paper, we examine a scenario of
light h with small gZZh coupling taking the SUSY breaking parameters and µ as low as its
experimentally allowed values and show that a large parameter region can be consistent
with the LEP experiment, even if we assume stop mass is smaller than 500 GeV. After
this introduction, in section 2, we recall how the Higgs with small gZZh coupling can be
obtained and show the essential point for this scenario. And in section 3, we present the
numerical calculation and show that such a natural scenario is possible. Moreover, in
section 4, even though the scenario of small gZZh coupling predicts all the MSSM Higgs
masses to be O(100GeV), we will show that such a light charged Higgs which looks in-
consistent with the b→ sγ constraint (e.g., mH± ≥ 350 GeV in the case of type II 2HDM
[18] ) at first glance is admissible because of a cancellation between the charged Higgs
contribution and the chargino’s. The requirement for solving the little hierarchy problem
play an essential role for the cancellation.
2 The lightest Higgs with small gZZh coupling
We demonstrate how the lightest CP-even Higgs h with small gZZh coupling constant
consistent with the LEP constraint can be realized and accompany light stop. We also
clarify the essential points.
First of all, gZZHiggs coupling originates from the ZZH
†H interaction, substituting
a vacuum expectation value (VEV) for one of the Higgs fields. Therefore, this coupling
constant is proportional to the VEV of the corresponding Higgs field. In the models with
two Higgs doublets as in the case of the MSSM, we can take generally linear combinations
of two Higgs doublets as, hV V , which has a vanishing VEV, and the other combination,
hSM , has a VEV whose value equals to that of the SM Higgs field. They are written as(
hV V
hSM
)
=
(
sin β − cos β
cos β sin β
)(
Hd
Hu
)
, (2.1)
where Hd is the down-type Higgs field and tanβ ≡ 〈Hu〉 / 〈Hd〉. We take cos β and sin β
as positive value. It is obvious that hV V has vanishing gZZhVV coupling because its VEV
is vanishing. Therefore, if the main mode of the lightest CP-even Higgs boson h is hV V ,
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such h becomes invisible at LEP experiments.
Next we show the main mode of the lightest CP-even Higgs boson can really be hV V
in the MSSM. For simplicity, here, we use tree level Higgs potential of the MSSM2;
Vtree = m
2
1|Hd|
2 +m22|Hu|
2 + (m23HuHd + h.c.)
+
g2
8
(
H†uτ
aHu +H
†
dτ
aHd
)2
+
g′2
8
(
H†uHu −H
†
dHd
)2
, (2.2)
where τa (a = 1, 2, 3) are the Pauli matrices. Four point couplings of the MSSM Higgs
potential is written by SU(2)L and U(1)Y gauge couplings, g and g
′. Therefore, two
point couplings, m2i (i=1,2,3), are the parameters of this potential. One freedom of
three parameters is fixed by the weak boson masses, only two parameters determine the
potential completely. In the following, we use CP-odd Higgs boson mass, mA, and tan β
as the two parameters. It is straightforward to calculate the CP-even Higgs mass matrix
as
Mh0 =
( Hd Hu
Hd m
2
A sin
2 β +m2Z cos
2 β −(m2A +m
2
Z) sin β cos β
Hu −(m
2
A +m
2
Z) sin β cos β m
2
Z sin
2 β +m2A cos
2 β
)
. (2.3)
Here m2A = m
2
1 + m
2
2 at this tree level approximation. Using this matrix, we show the
condition which makes lightest CP-even Higgs boson as hV V . For simplicity, we take
tan β ≫ 1, namely, cos β ∼ 0. Then, the mass matrix becomes diagonal form, Mh0 ∼
diag(m2A, m
2
Z) and from the previous discussion, these diagonal entries correspond to the
mass of Hd ∼ hV V and Hu ∼ hSM, since tan β ≫ 1 means Hu gets almost the same VEV
as the SM Higgs field and 〈Hd〉 ≈ 0. Therefore if we take mA < mZ , we can obtain the
lightest CP-even Higgs h with small gZZh coupling. We call this situation as “Inverse
case” (mA < mZ in tree level ) for the later convenience and also name “Normal case” for
the situation where up-type Higgs mass is lighter than down-type Higgs mass (mA > mZ
in tree level). Note that in the Inverse case, all the mass scales mA and mZ are around
the weak scale, which means that all the Higgs masses must be around the weak scale.
In practice, however, when off-diagonal components are neglected, i.e., cos β ∼ 0, there
is no difference between the “Normal case” and the “Inverse case” respect to the mass of
Hu, since it is independent of mA. Even if we consider the one loop corrected mass square
only for the up-type Higgs field as,
Mh0 ∼
( Hd Hu
Hd m
2
A −(m
2
A +m
2
Z) sin β cos β
Hu −(m
2
A +m
2
Z) sin β cos β m
2
Z +∆22
)
=
(
a c
c b
)
, (2.4)
the mass of Hu in the “Inverse case” is the same as in the “Normal case”. But once
we take into account the off-diagonal entries, we can show that in the “Inverse case”,
smaller stop mass is sufficient to meet the LEP bound comparing to the “Normal case”.
This is reflections of general features of diagonalization of a matrix. That is, if there
are off-diagonal entries, the larger (smaller) eigenvalue becomes always larger (smaller)
2 This is sufficient for the following qualitative arguments. Later on, we will use one-loop effective
potential, when we discuss the scenario quantitatively.
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than the larger (smaller) diagonal element. (Actually, the eigenvalues of 2 × 2 matrix
become x± = (a + b ±
√
(a− b)2 + 4c2)/2.) Therefore, in the “Inverse case”, the larger
eigenvalue (m2H) which has to satisfy the LEP constraint increases by introducing off-
diagonal element and the constraint becomes milder. On the contrary, in the “Normal
case”, the smaller eigenvalue (m2h) which has to satisfy the LEP constraint decreases
by introducing off-diagonal element and the constraint becomes stronger. Thus, in the
“Inverse case”, the smaller stop mass can be sufficient for the LEP constraint than that in
the “Normal case”. This is the essence of the scenario which can open the way to ease the
fine-tuning. It is obvious that the larger off-diagonal component requires larger stop mass
in the “Normal case”, while smaller stop mass becomes sufficient in the “Inverse case”.
Since larger tan β leads to smaller off-diagonal component, larger tanβ is preferable for
the “Normal case”, while smaller tanβ is preferable for the “Inverse case”.
3 Numerical analyses
We explore the scenario which realizes the Inverse case discussed in the previous section
numerically.
First of all, we explain how to determine the SUSY-breaking parameters and µ param-
eter used in the following analyses. Since large values for these parameters entail tuning
problem, we take each parameters as low as they don’t conflict its own experimental
constraint.
• Gaugino masses : Ma (a = 1, 2, 3) and SUSY invariant Higgs mass : µ
We assume GUT relations for gaugino masses. We take M1 = 60 GeV, M2 = 120
GeV, M3 = 400 GeV, and µ = 250 GeV at the weak scale, which satisfy the present
experimental constraints (mχ0 > 46 GeV and mχ± > 94 GeV [19]) for a large region
of tan β. These mass parameters correspond to the gaugino mass M 1
2
∼ 145 GeV
and µ ∼ 250 GeV at the GUT scale.
• Stop masses : mt˜L and mt˜R
We assume universal soft masses (m0) for squarks and sleptons at the GUT scale.
The stop masses at the weak scale can be determined by the gaugino masses and
the scalar masses. Because current lower slepton mass bound (mτ˜ > 81.9 GeV [19])
determines the scale of m0 as m0 & 80 GeV, we set m0 ∼ 100 GeV and then we
take the left and right-handed stop masses at the weak scale as mt˜L = 350 GeV and
mt˜R = 300 GeV, respectively.
• Scalar three point coupling : AX (X = U,D,E)
We assume each AX is proportional to the corresponding Yukawa coupling with
uniform factor at the GUT scale (AX = AYX). We set At = 300 GeV, 325 GeV,
and 350 GeV at the weak scale as typical values. These values correspond to the
gaugino mass M 1
2
∼ 145 GeV and the universal A parameter A ∼ 0, A ∼ 125
GeV, and A ∼ 250 GeV at the GUT scale, respectively. Under this universal A
parameter assumption, A larger than 250 GeV can induce the charge breaking at
the weak scale.
4
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Figure 1: Doted-dashed lines represent contour lines of mh = 90, 95, and 101 GeV. Dashed lines
represent contour lines of ξ2 ≡ (gZZh/gZZϕSM)
2 = 0.05, 0.10, 0.15, and 0.25. Thick solid lines represent
contour lines of mH =114.4, 115, and 120 GeV and thin solid lines represent contour lines of mH± = 120,
130, and 140 GeV. We set At=300 GeV. White area is the allowed region.
• Higgs mass parameters : m1, m2, m3
We assume no constraints for these three parameters at GUT scale and treat two
of them (mA and tanβ) as free at the weak scale.
Here, we took the several values for At, but not for mt˜. This is because the results are
more sensitive to the parameter At than the stop masses if we consider the naturalness
seriously.
Let’s move on to the numerical analyses. Here, we consider the bounds of the mass of
h and its gZZh coupling. The small gZZh coupling means the large gZhA coupling, so hA
production at LEP II can be enhanced. However, ifmh is larger than 90 GeV, then there is
almost no constraint because of P-wave suppression [19]. Therefore, we takemh > 90 GeV.
According to the Fig. 10 of [1], the upper bounds on the gZZh coupling, normalized by the
SM coupling gZZϕSM, should be about less than 0.5 (ξ
2 ≡ g2ZZh/g
2
ZZϕSM
. 0.25) formh > 90
GeV in 95% confidence level[1]. Therefore, the value of ξ2 must be smaller than 0.25
through the following analyses. When we identify the 2.3 σ excess at corresponding mass
near 98 GeV as a production signal of h, we take narrower region 95 GeV< mh <101 GeV.
The number of events observed is a tenth of the estimated number of the corresponding
SM Higgs boson, which corresponds to the value of ξ as ξ2 = 0.1.
Based on these setups, we have drawn three figures as Fig.1-3, which correspond to
three values of At as At=300, 325, and 350 GeV, respectively. Here we have used the on-
shell top mass mt = 175 GeV and the one-loop potential in which D-term contribution
5
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Figure 2: We set At = 325 GeV. Each line represents contour line as in the case of Fig.1. White area
is the allowed region.
to the sfermion masses is neglected[20]. The horizontal axis is the CP-odd Higgs boson
mass (mA) and the vertical axis is tanβ. Here, the doted-dashed lines represent contour
lines of mh = 90, 95, and 101 GeV, respectively. The dashed lines represent contour lines
of ξ2=0.05, 0.10, 0.15, and 0.25, respectively. Thick solid lines represent contour lines
of mH =114.4, 115, and 120 and thin solid lines represent contour lines of mH± = 120,
130, and 140 GeV, respectively. Each white area is the allowed region determined by the
conditions of mh > 90 GeV, ξ
2 < 0.25, and mH > 114.4 GeV. Since top quark decays
into charged Higgs boson and bottom quark in this case, there are experimental upper
bound for tan β (tanβ . 50 [21])3. When At = 325 GeV, the allowed region shows that
mh . 105 GeV, mH . 118 GeV, 92 GeV . mA . 108 GeV, 122 GeV . mH± . 134
GeV, and 11 . tanβ . 50. If we assume 2.3 σ excess as a signal of h, then we take 95
GeV< mh < 101 GeV as the allowed region. This allowed region gives more constrained
predictions that mH . 117 GeV, 97 GeV . mA . 103 GeV, 126 GeV . mH± . 131
GeV, and 20 . tanβ . 50.
As a whole, we observe that there are parameter regions in which the lightest CP-even
Higgs with sufficiently small gZZh coupling and sufficiently large mH which are consistent
with LEP experiments are realized with the natural parameter set. Therefore this can be
a solution for the little hierarchy problem.
Before ending this section, we explain the qualitative behavior of these figures. At any
given mA, the smaller tan β leads to the larger mH , the smaller mh, and the larger gZZh.
3 Strictly speaking, the chargino mass bound mχ± > 94 GeV leads to the upper bound for tanβ as
tanβ < 23 in the parameter set we took here. However, such bound can be easily weakened by taking
other parameter sets, so we do not take the bound seriously here.
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Figure 3: We set At = 350 GeV. Each line represents contour line as in the case of the previous figures.
White area is the allowed region.
This is because the off-diagonal entries of the neutral Higgs mass matrix, which becomes
larger when tanβ is smaller, increase mH , decrease mh, and generate gZZh coupling as
discussed in the previous section. On the contrary, for the fixed tan β, the larger mA leads
to the larger mH , mh, mH± , and gZZh coupling. This is because mA is the unique massive
free parameter in the MSSM Higgs sector and the difference between the (1,1) and (2,2)
components of the neutral Higgs mass matrix becomes smaller when mA is larger, which
leads to larger up-type Higgs component in the h for the fixed off-diagonal component of
the matrix.
This scenario predicts a light charged Higgs whose mass is given as mH± ∼ 130 GeV.
This is strongly disfavored from the constraint from the b → sγ process. This issue is a
main subject of the next section.
4 Constraint from b→ sγ process
We explore the consistency between the light charged Higgs which is required in this
scenario and the constraint from the b→ sγ process.
As we have concluded in the previous section, the scenario with the small gZZh coupling
requires that all the MSSM Higgs bosons have the weak scale masses. On the other hand,
it is known that the lower limit of the charged Higgs mass is strongly constrained by the
b→ sγ process since the experimental value of Br(b→ sγ)exp. = (355± 24
+9
−10± 3)× 10
−6
[22] is now in good agreement with the SM prediction: Br(b→ sγ)SM = (360±30)×10
−6
[18, 23]. For example, in the case of the type II 2HDM (the MSSM has almost the same
Higgs sector), the lower bound is given by mH± ≥ 350 GeV [18] and this is greater than
7
the mass derived in the previous section based on our scenario. Such a severe constraint
is caused by the fact that this additional charged Higgs induced amplitude always makes
constructive contribution to the SM amplitude [24]. Therefore in this section we discuss
this issue in detail. Eventually we will find that the supersymmetric particles play an
important role in solving this problem.
It is known that this lower bound for the charged Higgs mass can not be directly
applied to that of the MSSM[25, 26, 27, 28]. The reason is that there are additional
contributions to this process induced by SUSY particles. If the amplitudes induced by
these SUSY particles contribute destructively enough to cancel the charged Higgs induced
amplitudes in some parameter regions, then we can not limit the lower bound of charged
Higgs mass. Specifically, in the MSSM, the amplitude of b→ sγ decay process is the sum
of the following five different exchanges of intermediate particles.
1. W boson and up-type quarks
2. Charged Higgs boson and up-type quarks
3. Chargino and up-type squarks
4. Neutralino and down-type squarks
5. Gluino and down-type squarks
The first two entries are the SM contribution and the charged Higgs contribution in the
MSSM, respectively. The third contribution is exactly the supersymmetric one of its
first two contributions. The remaining two contributions are caused by the off-diagonal
elements of the down-type squark mass matrices in the basis where their fermionic part-
ner’s mass matrix is diagonalized. These elements are induced by the renormalization
group effect from the GUT to the weak scale even if we postulate flavor universal soft
SUSY-breaking terms at the GUT scale. In this case, however, it is known that the contri-
butions of these neutralino and gluino induced amplitudes are not so significant compared
to chargino contributions [26]. Therefore in the following analysis we ignore these last
two categories.
We further make a few comments for the first three contributions before analyzing
it numerically. The essential point is that, in our scenario, the magnitudes of these
amplitudes are almost the same order because all the particle in these loops have the
weak scale masses. The charged Higgs mass must be around the weak scale to realize
the small gZZh coupling, and the chargino and stop masses also must be around the weak
scale because of our naturalness requirement. The next question is whether the chargino
induced amplitude contributes to the other two amplitudes constructively or destructively.
To answer this issue, we consider the b → sγ process in exact SUSY limit. In the
U(1)EM SUSY gauge theory, the dimension five dipole type operator can not be written
down in supersymmetric way [25]. That is, if each supersymmetric particles have exactly
the same mass spectrum as its own partners, then this radiative process must vanish.
This means that the contributions of the SM and charged Higgs induced amplitudes are
completely compensated by its supersymmetric partners namely chargino contributions
in exact SUSY limit. Meanwhile, a number of authors have already pointed out that even
8
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Figure 4: The white strip shows the parameter region for the suitable cancellation between the charged
Higgs and chargino contributions to b→ sγ process. We required that the predicted value of this model
must be within one sigma deviation from the SM prediction. Here we fixed mH± = 125 GeV and the
other parameters were taken as in the previous section.
in the case where SUSY is softly broken, there are parameter space which also make the
chargino induced amplitude sufficiently destructive to the other two contributions [27].
Thus, we expect that in our scenario, there will be some parameter regions which make the
chargino induced amplitude destructive enough to compensate the charged Higgs induced
amplitude to make whole our story consistent.
Let’s move on to the result of our numerical analyses shown in Fig.4 and Fig.5. Fig.4
shows relations between At and tanβ required by the cancellations. In this analysis we
fixed charged Higgs boson mass as mH± = 125 GeV and required that the sum of the
charged Higgs and chargino induced amplitudes must be less than 5% of that of the
SM (This corresponds to the requirement that the prediction of the scenario must be
within one sigma deviation from the SM prediction). A white strip in Fig.4 shows the
parameter regions which realize the suitable cancellations between the charged Higgs and
the chargino contributions. We see that 10% tuning of At is sufficient for the cancellation.
Fig.5 shows relations between mA and tanβ required by the cancellations at At = 325
GeV. This figure is superposed on the corresponding regions of Fig.2 and show that
Br(b→ sγ) severely constrains allowed region of previous section.
5 Discussions and summary
We examined a scenario in which the little hierarchy problem is solved by the lightest
CP-even Higgs h with small gZZh coupling. We showed that the LEP constraints can be
satisfied even if the parameters which contribute to the Higgs mass parameters are taken
to be order of the weak scale. The essential point is simple. The heavier CP-even Higgs
9
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Figure 5: The cancellation region is plotted in mA and tanβ plane at At = 325 GeV. This figure
is superposed on the corresponding regions of Fig.2. Here we adopted the parameter set given in the
previous section.
H becomes heavier by off-diagonal components of CP-even Higgs mass matrix, which is
important to satisfy the LEP bound for the SM Higgs because the heavier CP-even Higgs
has almost the same gZZH coupling as the SM Higgs. On the other hand, the lighter
CP-even Higgs h becomes lighter by the off-diagonal components, but the Higgs is not
produced in LEP as much as the SM Higgs because it has only the small gZZh coupling.
One of the interesting results in the scenario is that all the Higgs should have the
weak scale masses. Actually, the charged Higgs mass must be around 130 GeV. However,
this looks inconsistent with the constraint from the b → sγ process, mH± > 350 GeV.
We showed that the naturalness requirement for the parameters leads to the cancellation
between the charged Higgs contribution and the chargino contribution and the parameter
space exists in which the scenario is consistent with the b→ sγ constraint. Of course, if
other contributions, neutralino or gluino contributions, become sizable, then the param-
eter region may shift. So the predicted region in the tan β and At plane may not have to
be taken so seriously. What is important here is that such cancellation which is consistent
with the SM prediction within one standard deviation can be realized by only 10% tuning
of a parameter At at the weak scale. This tuning becomes much milder at the GUT scale
to be almost 100% tuning of the parameter A at the GUT scale.
Other constraints, (e.g. from K and B meson mixings, precision electroweak param-
eters, etc.) than from b→ sγ process might give another severe constraints in principle.
However, we expect that such constraints are not so severe. One of the reason is that the
couplings between the top quark and the charged Higgs are suppressed because the most
of up-type Higgs is absorbed by the Higgs mechanism and the main component of the
physical charged Higgs comes from the down-type Higgs if tanβ > 1. Moreover, for K, Bd
and Bs meson mass mixings, the charged Higgs and the chargino contributions produce
mainly the operator which includes only left-handed down type quarks as in the SM. The
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constraint from the operator is much weaker than from the operators which include both
left and right handed down-type quarks.
Processes to which the light charged Higgs contribute in tree level may be more im-
portant, because there are no contributions from SUSY partners. Since the charged Higgs
couples more strongly with the third generation fields, so the processes which include the
third generation fields are more preferable. The top decay process t → b + H± is one
of the candidates, but unfortunately the constraints from Tevatron experiments are not
severe. They rejected only very large tan β > 50 region or very small tan β < 1 region.
This is because main component of up-type Higgs are absorbed by the Higgs mechanism
and the main component of the physical charged Higgs comes from the down-type Higgs
if tan β > 1. In the B decay, B → τντ and b→ cH
±∗ → cτντ are the candidate processes.
Especially, the B → τντ process is important because the SM contribution is suppressed
by the chirality. The branching ratio is given by
Br(B− → τ−ν¯τ )SM+CH = Br(B
− → τ−ν¯τ )SM × rH , rH =
(
1−m2B
tan2 β
m2
H±
)2
, (5.1)
where mB is the B meson mass and Br(B
− → τ−ν¯τ )SM = (1.59± 0.40)× 10
−4 [31] is the
SM prediction for the branching ratio [29]. Recently, the first evidence for the process
was reported by Belle (Br(B+ → τ+ντ ) = (1.79
+0.56+0.39
−0.49−0.46)×10
−4) [30] and Babar has also
reported as (Br(B+ → τ+ντ ) = (0.88
+0.68+0.11
−0.67−0.11)×10
−4)[32]. The combined branching ratio
(Br(B+ → τ+ντ ) = (1.34± 0.48)× 10
−4) gives us rH = 0.86± 0.37 and this is consistent
with the SM prediction. This measurement has already restricted the parameter space
as tanβ < 20 and 29 < tanβ < 37 (95% C.L.) when mH± ∼ 130 GeV. However, in our
scenario, the smaller tanβ seems to be favored so that plenty of parameter space is still
alive. We expect more precise experimental value and theoretical calculation to see the
deviation from the SM in this decay. The b→ cH±∗ → cτντ process may be useful[33, 34]
if it is detected, but it may be difficult to reject the intermediate tan β ∼ 10 region.
In this scenario, the lightest SUSY particle is the Bino unless the very weakly coupled
SUSY particle like the gravitino or axino are lighter than the Bino. Since in our scenario,
we do not have to take care about the constraint from the b → sγ process, so the bulk
region in the parameter space for the dark matter may survive. So the analysis for the
dark matter must be re-considered, but this issue is beyond the scope of this paper.
In this paper, we have used several assumptions to calculate the Higgs masses and
b → sγ amplitude. For example, we adopted the GUT relation for the gaugino masses.
And of course, we could calculate the Higgs masses with more precise approximation.
However, we would like to emphasize that our arguments for weakening LEP bound for
the Higgs mass and canceling b → sγ amplitude are quite general one and the scenario
in which the lighter CP-even Higgs have small gZZh coupling is an interesting possibility
to solve the little hierarchy problem. We hope that this scenario will be tested in future
experiments, LHC or ILC or (super-)B factory etc [35].
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